INTRODUCTION
Equalization-grant systems have been the cornerstones of intergovernmental fiscal relationships in federations such as Australia, Canada, Germany, Switzerland and others. In the literature, fiscal equity and efficiency have been put forward as major justifications for the presence of such grants.
1
In Canada, the equalization system was designed to address provincial fiscal disparities by compensating recipient provinces when their per capita tax base is below the standard per capita tax base. Theoretical analyses by both Smart and Dahlby 2 show that in equalization programs based on a representative tax system, such as the one used in Canada, equalization grants influence recipient provinces' tax policy incentives. The reason is that when a recipient province raises its tax rate, it gets higher equalization entitlements by increasing the national standard tax rate. Further, the province can receive higher equalization grants due to a reduction in the province's tax base associated with a rise in its tax rate. These tax-rate and tax-base effects of equalization grants cause a downward bias of the marginal cost of public funds (MCF) and, as a result, the grant system gives recipient provinces an incentive to raise their tax rates.
Previous empirical studies, such as those by Courchene and Beavis, Boessenkool, Esteller-Moré and Solé-Ollé, Snoddon and Smart, 3 also confirm that the equalization system influences tax policy incentives in Canada. For other federations, Buettner 4 finds that equalization grants provide German municipalities an incentive to raise their tax rates. Dahlby and Warren, on the other hand, find only weak evidence for Australian states.
5
While the incentive effects of equalization grants on tax policy are well known and have been widely examined in previous studies, there is a paucity of studies on its effects on government spending. Since the Canadian equalization-grant formula compensates recipient provinces when their per capita tax base is below the standard per capita tax base, Dahlby shows that this gives the recipient provinces the incentive to under-provide tax-base-enhancing public services.
Cyrenne and Pandey offer the first empirical analysis on the effects of equalization grants on the composition of Canadian provincial expenditure.
7 They find that the share of unproductive government expenditure is higher and the share of productive government expenditure is lower in the recipient provinces compared to non-receiving provinces.
8 Using data from German municipalities, Hauptmeier also finds that equalization transfers have a significant negative effect on local government's share of productive expenditure.
9
The main objective of this paper is to provide empirical evidence on the incentive effects of equalization grants on tax rates and government expenditure using panel data from Canadian provinces over the period . Regarding the incentive effects of equalization grants on tax policy, we focus on business and personal income tax rates, as these taxes account for a significant part of provincial tax revenue and have been the topic of discussion in previous studies. In addition, these revenue categories have been included in the equalization-grant allocation formula throughout the period under consideration. In our empirical analysis, following Buettner, 10 we differentiate the income and incentive effects of equalization grants. The incentive effects associated with the equalization system arise due to the equalization-rate and -base effects that cause a downward bias of the MCF. In this paper we investigate this issue by estimating both the equalization-rate and equalization-base effects, and controlling for possible income effects associated with equalization grants. As the equalization-grant formula shows a discontinuity in the relationship between equalization-grant entitlement and fiscal capacity, we rely on this discontinuity to identify the effects of grants on tax rates. To the best of our knowledge, this paper is the first to address this issue for Canada.
Our empirical results suggest that equalization grants provide provincial governments an incentive to raise their business and personal income tax rates. We also find that the incentive effect works mainly through the equalization-base effects. These incentive effects of equalization grants are clearly a form of distortion to provincial tax policy as the recipient governments underestimate the true deadweight cost associated with the higher tax rates. Our results suggest that if equalization grants were substituted with block grants that are not related to taxing capacity, business and personal income tax rates would be lower in the grantreceiving provinces.
We also investigate the effects of equalization grants on both the level and composition of provincial expenditure using the discontinuity in the equalization-grant formula as an identification strategy. Our empirical results suggest that equalization grants stimulate provincial spending and affect the various provincial expenditure categories. Results from our preferred regression indicate that a $1.00 increase in per capita equalization grant is associated with $0.64 increase in per capita total provincial expenditure. This is broadly consistent with the flypaper literature and the estimated results are well within the ranges of results obtained in other similar studies. Further, our results indicate that equalization grants have a significant positive effect on provincial spending on health-care services, resource conservation, industrial assistance, environment, and housing. However, we do not find a significant effect on the other expenditure categories. Overall, our results suggest that the Canadian equalization system influences recipient provinces' tax and spending decisions.
The remainder of the paper is organized as follows. In Section 2, we provide a brief review of theoretical and empirical studies of the effects of equalization grants on fiscal policy. An empirical analysis of the effects of equalization grants on tax policy incentives for Canadian provincial governments is presented and discussed in Section 3. In Section 4, we examine how equalization grants influence the level and composition of provincial governments' expenditure. Section 5 concludes.
LITERATURE REVIEW
Fiscal equity and efficiency have been put forward as major justifications for the presence of equalization systems in federations.
11 Regardless of the rationales for their existence, however, there is a great potential for equalization systems to influence fiscal policy incentives. In this section, we provide a brief review of the literature on the incentive effects of equalization programs on tax policy and government spending.
The incentive effects of equalization grants on tax policy are in fact well known and have been widely examined in previous studies. For instance, an earlier analysis of the Canadian equalization system by Courchene and Beavis suggests that recipient provinces could manipulate the equalization allocation formula to increase their equalization entitlements.
12
The reason is that, in the Canadian equalization system, the main elements of the formula can be affected by the tax policy choice of the recipient province.
Smart presents the first theoretical analysis of the effects of equalization grants on tax policy incentives using the marginal cost of public funds (MCF) framework.
13 He shows that representative-tax-system-based (RTS-based) equalization grants, such as the one used in Canada, partially compensate for the deadweight loss associated with higher taxes and, as a result, it gives recipient provinces the incentive to raise tax rates. Thus, subnational governments may adopt suboptimal tax policies in order to gain more transfer payments from the equalization system. This is because if tax-base elasticities are negative, as many empirical studies show, provinces may have the incentive to raise tax rates, which will result in a reduction in their fiscal capacities and more equalization transfers.
Dahlby also provides a comprehensive theoretical analysis of how equalization grants influence both the tax and expenditure decisions of recipient governments.
14 Regarding tax policy incentive effects of equalization systems, his analysis indicates that equalization grants reduce the perceived MCF of recipient governments and provides them an incentive to raise their tax rates. He shows that there are multiple reasons for this. When a recipient government raises its tax rate, the national standard tax rate increases and this provides the MCF of the recipient government a downward bias. Further, an increase in the tax rate reduces the tax base of the province and this also biases the MCF downward. The downward bias of the MCF caused by the tax-rate and tax-base effects associated with equalization grants ultimately leads recipient provinces to underestimate the true social cost of taxes. The implication of this is that the equalization system provides recipient provinces an incentive to raise their tax rates.
While the above studies focus on the theoretical underpinning of the incentive effects of equalization systems on tax policy, others investigate the issue empirically.
15
One of the earliest attempts to gauge the tax incentive effects of equalization grants in Canada is offered by Boessenkool.
16 He investigates how the Canadian equalization-grant system affects tax incentives by comparing the average effective tax rates of recipient provinces to those of comparable non-recipient provinces. His analysis suggests that equalization-grant receiving provinces generally levy higher tax rates than non-recipients.
Esteller-Moré and Solé-Ollé empirically estimate the effects of equalization grants on Canadian provincial personal income tax rates (PIT).
17 Their dependent variable is average effective tax rate, and they capture the effect of equalization grants by including the national standard average effective tax rate for PIT (interacted with the equalization-receiving dummy variable) as an explanatory variable. They also include the weighted average tax rate of contiguous neighbouring provinces as a separate co-variate in their regression model. Their results suggest that equalization grants have a significant positive effect on provincial personal income tax rates.
Over the years, the Canadian equalization system has passed through various policy changes. One such policy change occurred in 1982, when the federal government adopted the fiveprovince standard instead of the 10-province standard that was in effect prior to that. Snoddon exploits this policy change and provides an in-depth examination of the effects of equalization grants on the growth rate of own-source revenue for Canadian provinces.
18 She uses the change in the number of standard provinces as the main identifying strategy to investigate the shortrun revenue effects of equalization grants. Her main objective is to examine whether the equalization reform has an effect on own-source revenue growth in the years following the equalization-grant reform. She estimates the effect of the equalization reform on own-source revenue using dummy variables for the two years immediately following the reform. The empirical analysis also employs various dummy variables to capture differential effects associated with equalization-grant receiving provinces and those that are included or excluded from the standard. The analysis is conducted for all provinces and for individual recipient provinces separately. Her empirical results suggest that the reform has a positive effect on the own-source revenue growth of those equalization-grant receiving provinces excluded from the new standard. This is consistent with the general belief that the equalization system influences tax policy incentives. The result, however, is negative for Quebec.
Smart investigates the effects of equalization grants on tax policy, and how the presence of such grants influence tax competition among Canadian provinces.
19 His theoretical framework provides two testable propositions: equalization grants increase the complementarity of competitors' tax rates; and, that an increase in the fraction of revenues equalized through the grant allocation formula raises the tax rates of receiving provinces. Using annual Canadian provincial data over the period , he tests the propositions of the theoretical model empirically. In the empirical analysis, he measures the effect of equalization grants on tax policy incentive by looking at the effect of the average effective tax rate of other provinces on the effective tax rate of the province, and distinguishing the differential effects of grants between receiving and non-receiving provinces. An increase in the average effective tax rate of other provinces raises the national standard tax rate that is used in the equalization-grant allocation formula. This in turn increases the equalization grant for receiving provinces. His analysis makes use of this relationship to identify the effects of equalization grants on tax policy incentives. His results indicate that equalization-grant recipient provinces respond more positively to increases in other provinces' average effective tax rates, suggesting that indeed the equalization system influences tax policy incentives.
Germany is one of the countries that have had a longstanding equalization-grant system. Unlike Canadian provinces, however, German states do not levy their own taxes. Instead, the federal government imposes the taxes and the states collect the tax revenue in their jurisdictions. In this case, the amount of tax revenue collected in each state depends on the enforcement efforts of the states. Baretti, Huber and Lichtblau examine the effects of equalizing transfers on tax policy for German states.
20 They look at how equalization transfers affect states' tax enforcement, which in turn affects the amount of tax revenue the recipient governments collect. Their ordinary least squares estimation results show that equalizing grants have a negative effect on a state's tax revenue-to-GDP ratio. They interpret this as a negative effect of equalization grants on tax-enforcement efforts of the states. However, their results become insignificant when they use fixed-effects and other methods. So they find only weak evidence that equalization grants affect tax revenue negatively.
Buettner investigates the effects of equalization transfers on business tax rates for municipalities in a German state. 21 The municipal fiscal equalization system in Germany takes into account disparities in fiscal need and fiscal capacity. Buettner introduces a novel idea to distinguish the income effect and the tax-incentive effect associated with the equalization system. He shows that the equalization formula can be written as a difference of two basic components: "virtual grants" and "marginal contribution rate" (times the tax base). The "virtual grant" is the part of an equalization grant that does not depend on the tax base of the recipient jurisdiction and it shows the amount of grants that municipalities would receive if their tax bases were zero. The "marginal contribution rate," on the other hand, captures the fact that when a local government's tax base increases, in the equalization formula its fiscal capacity rises and as a result it receives smaller grants. In the empirical analysis, he exploits the discontinuity in the equalization-grant formula and uses policy changes to identify the effects of equalization grants on business tax rates. The results indicate that while higher virtual grants are associated with lower business tax rates, a higher marginal contribution rate provides the local governments an incentive to raise their tax rates. Thus, his analysis provides empirical support for the hypothesis that equalization grants influence tax policy incentives.
As in Canada, the Australian equalization-grant allocation formula depends on the fiscal capacity of the state relative to that of the standard fiscal capacity. Dahlby and Warren employ the marginal cost of public funds (MCF) framework to analyze the incentive effects of the Australian equalization system.
22 They show that equalization grants can affect a state's tax policies through the "equalization-rate effect" and the "equalization-base effect." When a state raises its tax rate, the average standard tax rate used in the grant allocation formula increases. This equalization-rate effect results in higher equalization grants for the state, provided that the state's relative fiscal capacity is low. The equalization-base effect, on the other hand, refers to the increase in equalization grants that results from a reduction in a state's tax base associated with a rise in its tax rate. They derive a formula for the MCF, which depends on the standard tax rate standard tax base, and the tax base of the state. They show that equalization-rate andbase effects lead to a downward bias of the MCF and provide recipient provinces the incentive to raise their tax rates. They then use data from Australian states to examine the tax-incentive effects of equalization grants. They find somewhat weak empirical evidence that the equalization system affects Australian states' tax-rate choices.
While the tax-incentive problem associated with equalization grants is widely discussed in the literature, there is a paucity of studies about the potential incentive effects of such grants on government expenditures. In the literature, the effects of unconditional transfers such as equalization grants on the recipient government's total expenditure are often discussed in conjunction with the flypaper effect -a common empirical finding that lump-sum grants increase the recipient subnational government's expenditure more than an equivalent increase in income.
The majority of the flypaper-effect literature concludes that unconditional grants raise total expenditure, providing indirect evidence that equalization grants may also affect total expenditure.
23 For the Canadian federation, Winer finds that grants raise provincial expenditure by reducing the perceived cost of provincial public services.
24 Similar positive effects of unconditional grants on total expenditure are also obtained for other countries by Dahlberg et al. 25 for Sweden, and Lundqvist 26 for Finland. Of course, in addition to their potential effects on total expenditure, equalization grants may influence the composition of government expenditure. In fact, previous studies such as Dahlby, 27 Hauptmeier, 28 and Cyrenne and Pandey 29 suggest that equalization grants influence the composition of government spending. Dahlby investigates this issue using the concept of MCF in the optimal public spending framework.
30 He uses a simple productive-enhancing public input in the production function. If the public input is labour-augmenting, Dahlby shows that the recipient government will under-provide the public input. Thus, his analysis suggests that equalization grants give recipient governments the incentive to spend relatively more on consumptive expenditures and less on those public services and expenditure that enhance the tax base of the government. The reason is that when governments spend more on tax-baseenhancing expenditures such as education and infrastructure, the tax base of the province increases and this reduces the amount of equalization grant that the province might receive. This gives the province a disincentive to spend on such services. Spending on pure consumptive services, on the other hand, will not have an adverse effect on the amount of the equalization grant the province receives as tax bases are less likely to be affected by such spending.
Recently, using an endogenous growth model with optimal choice of government expenditure, Cyrenne and Pandey analyze the effects of equalization grants on the composition of government expenditure.
31 They assume that the government provides productive public spending that enters the production function and increases economic growth, ultimately raising the fiscal capacity of the government. The government is also assumed to provide unproductive, or consumptive public services, that enter the utility function. In this model setup, they show that along the balanced-growth path, equalization-grant receiving provinces choose a higher unproductive government-spending ratio than non-receiving provinces. They then test the implications of their theoretical model using Canadian provincial panel data for the period 1989-2009. In their empirical analysis, they first classify provincial expenditures as being "productive" or "unproductive" and use the ratios of these expenditure groups to total expenditure as their dependent variables. They capture the effect of equalization grants on productive or unproductive expenditure ratios by including a dummy variable for equalizationgrant recipient provinces among the explanatory variables. Their empirical results show that, while the coefficient of the equalization dummy variable is negative and significant in the productive-expenditure ratio regression, the dummy variable is positive and significant in the unproductive-expenditure ratio equation. They interpret these results as evidence that the share of unproductive government expenditure is higher and the share of productive government expenditure is lower in the recipient provinces compared to non-receiving provinces. For German municipalities, Hauptmeier investigates the effects of equalization transfers on local governments' expenditure policies. 32 The author focuses on analyzing the effect of equalization grants on the share of local productive spending (which includes spending on schools and municipal roads). As in Buettner, 33 he exploits the discontinuity in the German municipal equalization formula and uses a regression discontinuity approach to identify the effects of grants. He finds that equalization transfers have a significant negative effect on local government's share of productive expenditure.
Overall, the various studies surveyed above suggest that equalization-grant systems affect fiscal policy incentives in recipient subnational governments. In the next section, we explore these issues empirically using Canadian provincial data to shed some light on how the equalization system influences tax policy and government spending incentives.
EQUALIZATION GRANTS AND TAX POLICY Theoretical framework
In this section, we discuss the theoretical framework that shows how equalization grants influence tax policy incentives of recipient provinces. Let p represent the province and j denote the tax category. Then, the per capita total revenue for provincial government p for tax category j is given as:
where R pj is per capita revenue, τ pj is the province's tax rate for tax category j, B pj is per capita tax base for the tax category j, and g pj is per capita equalization entitlement of province p for tax category j. Suppose τ j denotes the national standard average tax rate for revenue source j and B j denotes the standard per capita tax base for revenue category j, then the per capita equalization-grant entitlement related to the j tax source for province p is simply:
where:
is the national standard tax rate and g pj is the equalization-grant entitlement related to tax category j. 32 Hauptmeier, "The impact of."
33 Buettner, "The Incentive Effect."
Note that in Equation (2a), the receiving provinces' tax-rate choices can influence the national standard tax rate, and hence, the amount of grant it receives. If the receiving province is also part of the standard provinces, its tax base also affects the amount of grants that it receives through the change in the standard tax base. So, the grant allocation formula can be influenced by the tax policy choice of the receiving provinces. As our primary focus is to analyze the effect of equalization grants on tax policy incentives, we decompose the equalization allocation formula into two parts: the parts of the formula that can and cannot be influenced by the tax policy of the recipient province. In order to do that, following Buettner, 34 we rewrite the grant allocation formula shown in Equation (2a) as:
where y pj denotes what Buettner termed as "virtual grants" and it is the amount of equalization grant that province p would receive if its tax base j were actually zero. More specifically, the virtual equalization grant for any tax category is calculated as y pj = τ -pj B -pj , where τ -pj is the average effective tax rate of other provinces in the federation and B -pj is the average per capita tax base of standard provinces (excluding the province's tax base if the province is part of the standard). If the province is not part of the "standard" provinces, then B -pj = B pj .
Unlike the case of Germany that Buettner examined, 35 in the Canadian equalization-grant system, ν pj is not a fixed parameter. It depends on the national standard tax rate and the relative fiscal capacity of the province -both of which can be influenced by the tax policy choice of the recipient province. We obtain ν pj using the expression
where Π s is the population share of a province p (that is included in the standard) from the total population of all the standard provinces, and the other variables are as defined before. If a province is not part of the standard provinces, Π s is equal to zero. As Smart explains, 36 the recipient provinces' tax rates and bases affect the national standard tax rate and, as a result, provincial tax policy choices can influence equalization-grant entitlements. For grant-receiving provinces that are included in the standard, they can also influence equalization entitlements through changes in the standard tax base. Thus, as we will see later, ν captures the effects of a receiving province's tax policy choice on the amount of equalization-grant entitlements.
36 Smart, "Taxation and deadweight."
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B pj
In order to discuss the incentive effects of equalization grants on tax policy, we use the marginal cost of public funds (MCF) framework. The MCF shows the cost to society when the government raises $1.00 of tax revenue. In the absence of grants, the MCF for tax category j can be calculated as:
where B is the tax base and τ is the tax rate. In the presence of federal equalization grants to the provinces, using Equation (1), the MCF for the recipient provincial government is given as:
Equation (4) shows that the presence of equalization grants affect the MCF of the province, and hence, influence the tax policy incentives of the recipient provinces. Note that if ν pj was based on a fixed parameter, as is the case in other federations such as Germany, Equation (4) would be reduced to the MCF expression used in Buettner. 37 However, in the Canadian federation, as Smart 38 and Dahlby 39 discuss, the third expression in the denominator of Equation (4) is non-zero and the effect of ν pj on the MCF is not straightforward. To shed some light on the incentive effects of equalization grants on provincial tax policy, we further simplify the above equation. Using Equation (4) 
ω p is the tax-base share of the province in the federation, ε pj is the semi-elasticity of the tax base with respect to its own tax rate, and the other variables are as defined previously. Note that, as tax bases normally respond negatively to their own tax-rate changes (except of course when the province is on the downward sloping side of the Laffer curve), ε pj < 0 and, as a result, ψ pj > 0. When a province raises its tax rate, the tax base shrinks and this results in a fall in its relative fiscal capacity. A fall in the province's relative fiscal capacity in turn results in an 42 Equation (5) shows that the equalization-base effect, ψ pj , gives the recipient province's MCF a downward bias. Thus, this gives the recipient government an incentive to raise its tax rate.
For any given revenue category, when a provincial government raises its tax rate, it raises the national standard average tax rate used in the equalization allocation formula. This increases the recipient government's equalization-grant entitlement. Dahlby and Warren termed this as the equalization-rate effect. 43 This equalization-rate effect is denoted by Θ pj in Equation (5). For provinces that are relatively small and have negligible effects on the national standard tax rate, Θ reduces to zero. For this reason, previous studies, such as Smart, 44 ignore this effect from their analysis. Note also that the effect of Θ pj on the MCF depends on whether the per capita tax base of the province is higher or lower than the standard per capita tax base for the specific revenue category. If the province's per capita tax base is less than the per capita tax base of the standard provinces (as is normally the case for equalization-grant recipients), Θ pj will be positive, resulting in a downward bias of the recipient government's MCF. This provides the recipient government an incentive to raise its tax rate.
Empirical specification and methodology
Based on the theoretical framework discussed above, our empirical analysis of the effects of equalization grants on tax rates for revenue category j can be specified as:
where τ pj is the tax rate, y pj is the virtual equalization grant associated with the tax category, ψ pj is the equalization-base effect, Θ pj is the equalization-rate effect, and Z p denotes a vector of other variables that can influence the tax-rate choices of a province. We are interested in assessing the incentive effects of equalization grants on personal and business income tax rates. These two revenue categories together account for a significant source of revenue for the provincial governments and have been the focus of previous studies as well. 
where τ pj,t is the average effective tax rate for tax category j in province p in year t, ψ pj,t is the equalization-base effect and Θ pj,t is the equalization-rate effect. Previous studies, such as Boadway and Hayashi, Esteller-Moré and Solé-Ollé, and Smart, 46 also used average effective tax rates as dependent variables. D is an indicator variable that is equal to one if the province is a non-receiving province in the year, or zero otherwise. We control for this indicator variable as our focus is on the incentive effects of grants on the recipient provinces' tax policy. Z contains all other relevant control variables.
As we have indicated previously, the Canadian federal government provides equalization grants using a formula that is based on the per capita fiscal capacity of the province and that of the standard provinces. For any revenue category, a province with a fiscal capacity that is below the standard fiscal capacity is entitled to receive equalization grants. Since the fiscal capacity of the province is basically determined by its tax base, it is directly related to the tax policy of the recipient government. This shows that the equalization-grant entitlements are endogenous. A number of previous studies also argue that empirical analysis of the effects of grants on fiscal outcomes should consider grants as endogenous. Previous studies such as Knight, Buettner, and Dahlberg et al. 47 explain in detail why grants in studies such as ours can be endogenous.
As the equalization-grant formula shows a discontinuity in the relationship between equalization-grant entitlement and fiscal capacity, following Buettner, 48 we rely on this discontinuity to identify the effects of grants on tax rates. As we discussed before, both the equalization-rate and equalization-base effects depend on the relative fiscal capacity of the province. Since the relative fiscal capacity of the province -the ratio of the per capita tax base of a province to the per capita tax base of standard provinces -can have a direct effect on tax-rate choices, we need to control for this element of the equalization-grant formula to identify the exogenous effects of our key variables of interest on tax policy. In order to achieve this, we need to control for a smooth non-linear function of relative fiscal capacity related to the tax category. In Equation (7), f(Ω) denotes this non-linear function of relative fiscal capacity, Ω. In the empirical analysis, we use various smooth polynomial and spline forms of relative fiscal capacity. Our empirical analysis is based on panel data from all the 10 provinces. We use equalization entitlements related to the two tax categories rather than actual equalization grants in our analysis of tax policy incentives. During the period under consideration, Alberta and Ontario did not receive any equalization grants. British Columbia, Saskatchewan and Newfoundland also did not receive equalization grants in some years. In order to capture the incentive effects of equalization grants only for receiving provinces, we include, D, a dummy variable that is equal to one if the province does not receive equalization grants. Then, we control for the interaction terms between this dummy variable and the equalization-rate and -base effects.
In the empirical specification of Equation (7), our key coefficients of interest are α 2 and α 3 . These coefficients capture the equalization-rate and -base effects for recipient provinces, respectively. While the coefficient estimates shed light on the direction of the equalization incentive effects on tax policy, the numerical magnitude of the coefficients do not have straightforward interpretations. The theoretical model suggests that, for grant recipients, the equalization-rate effect (Θ pj,t ) has a positive effect on tax rates provided that the province's fiscal capacity is lower than that of the standard provinces. Thus, we expect that α 2 > 0. A positive and statistically significant coefficient estimate for α 2 can be considered as evidence of presence of the equalization-rate effect. As we have indicated previously, this effect is important for large equalization-grant recipient provinces such as Quebec, but less so for smaller Atlantic provinces. So, in the empirical analysis, the equalization-rate effect may be strongly influenced by Quebec. 49 We also anticipate the equalization-rate effect to be particularly important for business income taxes as provinces generally tend to compete to attract businesses to their jurisdictions. For non-receiving provinces, one can obtain the equalization-rate effect as (α 2 + α 5 ). According to the simple theoretical framework, we also expect that α 3 > 0. That is, the equalization grant provides an incentive for a recipient province to raise its tax rate through the equalization-base effect (ψ pj,t ). Unlike the equalization-rate effect, the equalization-base effect is important for all receiving provinces. In addition, for all provinces, the personal income tax base is larger than the business income tax base. As a result, we anticipate the equalization-base effect to be stronger for personal income tax.
As in Smart,
50 we include the weighted-average (weighted by population) average effective tax rate of other provinces as a control variable. This variable enters as a one-period lagged variable, as tax competition literature suggests that normally governments need some time to adjust their tax policies in response to the policy changes of their neighbours. We also control for various economic, demographic and political variables that capture the expenditure needs of the government. More specifically, as in Smart, 51 we control for the share of the population that is 65 years of age and above ("Old"), the share of the population that is below 20 years of age ("Young"), and the unemployment rate. We also include non-equalization grants as an additional co-variate. 49 We conduct a sensitivity analysis to check if the results are robust to the exclusion of Quebec from the analysis. It is well known that a tax policy decision is often influenced by the political ideology of the governing party. Left-leaning governments generally have a tendency to raise income tax rates. Thus, we capture this ideological effect on tax policy by including a dummy variable that is equal to one if the premier of the province belongs to the Liberal party or the New Democratic Party (NDP), which are the centre-left political parties in Canada. The literature on elections and fiscal policy indicate that governments may adjust their tax policy to improve their chances of re-election. We control for this possibility by including a dummy variable that is equal to one if there is an election in the following year in our set of control variables.
Data
In our empirical analysis, we use administrative data obtained from Finance Canada. The administrative dataset includes raw data used to calculate equalization entitlements for each province and revenue category. These data are used to compute the average effective business income tax rate as the ratio of tax revenue to tax base. The average effective personal income tax rate is also calculated as the ratio of the administrative personal income tax revenue data used in the equalization allocation formula to provincial taxable income. The administrative data are also used to calculate the national standard average tax rate as the sum of provincial revenue divided by the sum of tax bases for business income tax. We also use the same dataset to compute per capita tax base of standard provinces as the sum of the tax bases in the five-standard (or 10, as the case may be) provinces by the sum of the population of the standard provinces.
The equalization-base-effect and the equalization-rate-effect variables require information on the national standard average tax rate, the population share of the standard province (relative to the total population of the standard provinces) and the own semi-elasticity estimates. For business income tax, data on the national standard average tax rates are obtained from Finance Canada as indicated above. For personal income tax, we compute the national standard average tax rate using administrative personal income tax revenue data used in the equalization allocation formula and provincial taxable income as the tax base. The data set on provincial taxable income was obtained from various issues of Income Statistics (formerly Tax Statistics on Individuals) published by the Canada Revenue Agency. The data for the various federal grants to provincial governments and tax bases are obtained from the same dataset. Annual provincial data on personal income, GDP deflator, population, unemployment rate, and the number of new immigrants, comes from Statistics Canada database (CANSIM). The data on governing political parties and elections are from the Canadian Parliamentary Guide. The own semi-elasticity estimates are obtained from Dahlby and Ferede. 52 Their preferred own semielasticity estimates for the corporate income and personal income taxes were -3.671 and -0.762, respectively. We use these estimated semi-elasticity values to compute the equalizationbase effects for business income and personal income taxes, respectively.
53 The equalizationrate-effect variable is also computed using the tax-base data obtained from Finance Canada. Table 1a provides summary statistics for the various variables used in our tax-rate regressions. 
Empirical results and discussions
In this section, we present the empirical analysis related to the effects of equalization grants on business income and personal income tax policy incentives. While Table 2 presents the regression results for business income tax, the corresponding results for personal income tax are shown in Table 3 . All regressions control for provincial fixed effects, province-specific time trends and non-linear form of relative fiscal capacity, as indicated, but we do not report their coefficient estimates for the sake of brevity. Note also that the result tables provide standard errors that are robust to heteroskedasticity and autocorrelation We begin in column (1) of Tables 2 and 3 by estimating our basic regression model with an ordinary least squares (OLS) estimation method. The dependent variables are average effective tax rates and we control for a quadratic form of relative fiscal capacity. Our results show that, as in Buettner, 54 the virtual grant is negative and statistically significant. This shows that virtual grants have a negative effect on tax rates. The reason is that virtual grants raise the financing capacity of provincial governments and, as a result, enable them to finance any given amount of government spending at a lower tax rate. The virtual grant coefficient estimates show the effects of equalization grants on tax rates if the grant system were actually not based on fiscal capacity. If we consider a hypothetical situation where the equalization grants are substituted with block grants that do not depend on recipient provinces' fiscal capacity, a $100 per capita increase in such grants is associated with a fall in business and personal income tax rates by about 2.2 and 0.22 percentage points, respectively.
The results in column (1) of tables 2 and 3 also show that, as expected, the equalization-base effect is positive and statistically significant at a five per cent level or better for both regressions. However, the equalization-rate effect is statistically significant only for personal income tax. Thus, the results suggest that equalization grants provide an incentive for provinces to raise the business income tax rate only through the equalization-base effect. For personal income tax, on the other hand, our results indicate that equalization grants affect the tax policy incentives through both equalization-base and -rate effects. The results suggest that a one percentage point increase in the equalization-base effect is associated with a 0.25 and 1.5 percentage point increase in the business and personal income tax rates, respectively. Similar results are also obtained in column (2) when we control for a cubic form of relative fiscal capacity.
In column (3), we control for a quadratic form of relative fiscal capacity and include additional co-variates to capture the effects of economic, demographic, and political factors that potentially influence tax policy. Again, the equalization-base effect continues to be positive and statistically significant for both business income and personal income taxes, while the equalization-rate effect is statistically significant only in the latter.
In column (4), as in column (3), we include all the control variables and use a cubic form of relative fiscal capacity. Based on adjusted R-squared, the regression with cubic specification for fiscal capacity shows the best fit for the data. Our results indicate that in a hypothetical scenario where the equalization grants are substituted with block grants, a $100 per capita increase in such grants is associated with a fall in business and personal income tax rates by about 2.6 and 0.26 percentage points, respectively.
The results also show that the equalization-base effect is again positive and statistically significant at the five per cent level or better in both tax-rate regressions. However, the equalization-rate effect is again not statistically significant for business income tax, but it is statistically significant at five per cent level for personal income tax. Thus, the empirical results indicate that, for business income tax, the effects of equalization grants on businessincome-tax policy incentive works through the tax-base effect. For personal income tax, however, both the equalization-base and -rate effects seem to be important in influencing the tax policy incentives. 55 The regression results suggest that a one percentage point increase in the equalization-base effect is associated with 0.38 percentage point increase in the business income tax rate and a 1.5 percentage point increase in the personal income tax rate. Thus, our results are consistent with the widely held view that the Canadian equalization system provides the recipient provinces the incentive to raise their tax rates.
55 Partly because of the federal government's Quebec abatement program, personal income tax rates in Quebec are generally higher than those of other provinces. Thus, one may wonder if the statistical significance of the equalizationrate effect in only the personal income tax rate regressions is driven by Quebec. As the sensitivity analysis in the following section reveals, the statistical significance of the equalization-rate effect disappears once we exclude Quebec. Thus the equalization-rate effect in the personal income tax rate regression may indeed be driven by Quebec.
So far, we rely on using polynomial specifications for relative fiscal capacity. However, theoretically, other forms of smooth functional forms can also be employed. To check if our main result that equalization grants affect tax policy incentives is robust to other forms of specification, in columns (5) and (6), we control for linear-spline and quadratic-spline form of relative fiscal capacity, respectively. The results are qualitatively similar to what we found before, suggesting that the results are robust to the form of non-linear function of relative fiscal capacity. In general, our results suggest that equalization grants provide recipient provincial governments an incentive to raise their business income and personal income tax rates. Thus, the results provide empirical support to the hypothesis that equalization grants provide an incentive to recipient governments to raise tax rates. And we find that this incentive effect works through the equalization-base effect for business income tax and through both equalization-base and -rate effects for personal income tax. That is, when provincial governments raise their income tax rates, their tax bases fall and this increases the amount of equalization entitlements. Dahlby and Warren 56 find similar results for Australia.
Robustness checks
We conduct a sensitivity analysis to check the robustness of our preferred regression results of tables 2 and 3. The results are shown in Table 4 below. (4) of Tables 3 and 4 and we use the same set of control variables used in the preferred regressions. Robust standard errors in parentheses. Significance levels are indicated by *** for one per cent, ** for five per cent, and * for 10 per cent. Provincial fixed-effects, province-specific time trends and all other control variables are included but not reported. During the period under consideration, the number of standard provinces change from 10 provinces to five provinces, and more recently, back to 10 provinces. To check if this change in the number of standard provinces influences our results, we do the analysis only for the period where the five-province standard was in place. As results in columns (1) and (4), our results are robust to the change in the number of standard provinces.
As compared to other provinces, Quebec has various unique fiscal features. For example, it is the only province that receives the federal tax abatement. It is also the largest of all the equalization-grant recipient provinces, and as such, we expect the equalization-rate effect to be stronger and more relevant for the province. In columns (2) and (5), we exclude Quebec from our analysis. The results show that, while the virtual grants and the equalization-base effects continue to be statistically significant with their respective expected signs, the equalization-rate effect is now insignificant in the personal income tax-rate regression.This suggests that the statistical significance of the equalization-rate effect in the personal income tax regression that we find in the previous section is driven by Quebec.
As previous studies indicate, business and personal income tax rates are related in many ways and may influence each other. Thus, one may suspect that personal income tax rate may influence the incentive effects of business income tax rate and vice versa. To capture this, we include the personal income tax rate and the business income tax rate as additional control variables in columns (3) and (6), respectively. Again, our results are robust to this sensitivity check.
In sum, our empirical analysis provides empirical evidence that the Canadian equalization system influences recipient provinces tax policy incentives. These incentive effects seem to work mainly through the equalization-base effect. The results also show that virtual grants have statistically significant negative effects on tax rates. The policy implication of this is that if the current equalization grants are substituted with block grants that are not related to the fiscal capacity of the provinces, provincial tax rates will be lower.
EQUALIZATION GRANTS AND GOVERNMENT EXPENDITURE Empirical specification and methodology
We now examine the effects of equalization grants on the level and composition of provincial expenditures. In the previous section, we have seen that equalization grants provide receiving provinces an incentive to raise their tax rates, which in turn, affects their tax base and the amount of equalization-grant entitlements. Provincial expenditures may also have the power to influence the tax bases of provinces, which in turn affects their equalization grants. In fact, theoretical studies, such as Dahlby, 57 and Cyrenne and Pandey, 58 show that equalization grants can affect both the level and the composition of government expenditure. Equalization grants may influence provincial governments to spend less on tax-base-enhancing expenditures and more on consumptive expenditures. Thus, the composition of provincial expenditure can be In order to analyze the effect of equalization grants on the level and composition of provincial spending, we use the following basic specification:
where E p,t is the real per capita total (or category of) government expenditure in province p in year t, G p,t is real per capita equalization grants, and X contains all other relevant control variables. Note that, due to the variation in local government expenditure responsibilities and the corresponding differences in provincial governments' own expenditures, we have used consolidated provincial and local spending as the dependent variable in our regression models. Empirical specifications similar to Equation (8) are quite commonly used in the literature. Our empirical specification is very close to that of Shelton. 60 Mauro 61 also analyzed the impact of corruption on the composition of government expenditure, however he used government spending as a ratio of GDP as a dependent variable. Notice that our empirical methodology in this section is different than what we employed in the previous section, as it is not feasible to construct virtual grants for the total equalization grants and decompose the equalization-grant effects into income and incentive effects. It is also important to note that we use actual equalization grants rather than equalization entitlements associated with a specific tax category as we did in the previous section. As a result of this, the empirical methodology employed in this section is different than what we use in the tax policy incentive analysis.
In addition to the total provincial expenditure, we examine the effects of equalization grants on 12 provincial expenditure categories.
62 These categories include government expenditure on: health services ("Health"), education ("Education"), social services ("Social"), transportation and communication ("TransComm"), resource conservation and industrial assistance ("Resource"), protection of persons and property ("Protection"), general government services ("Government services"), environment ("Environment"), recreation and culture ("Recreation"), housing ("Housing"), regional planning and development ("Regional"), and labour, employment and immigration ("Labour and immigration"). Cyrenne and Pandey 63 also study the effect of equalization grants on expenditure compositions by dividing expenditure into two broad categories (i.e., productive or unproductive), rather than studying each individual category as we do in this paper. Although such classification simplifies empirical analysis, it is clear that each expenditure category may include both productive and unproductive spending elements. 62 While the expenditure categories are disaggregated, it is important to note that they are sufficiently broad so that spending within a given category could include both tax-base-enhancing and consumption elements. This problem also equally applies even to those studies that arbitrarily classify spending categories as productive or nonproductive.
63 Cyrenne and Pandey, "Fiscal equalization."
We focus on analyzing levels of per capita spending rather than shares of spending for various reasons. First, in many policy debates, various commentators and analysts often compare provinces on the basis of spending per capita rather than spending shares. So our analysis helps shed light on how equalization grants affect the various spending categories on per capita basis. Second and most importantly, in the flypaper literature, the debate on the stimulative effects of lump-sum grants on subnational governments' spending focuses on the response of per capita expenditure to grants. See Dahlberg et al. and the references contained therein.
64 Thus, we use a similar approach to make our results comparable to the wider flypaper literature.
In Equation (8), our main coefficient of interest is β 1 . Regarding the effects of grants on government spending, the literature on flypaper effects suggest that lump-sum intergovernmental grants, such as equalization grants, have a stimulative effect on government spending. Thus we expect β 1 > 0 in the total government expenditure equation.
Theoretical studies on the incentive effects of equalization grants on government spending suggest that equalization grants may give provincial governments the incentive to spend more on consumptive spending and less on productive services that have the potential to increase their tax bases. See Dahlby, and Cyrenne and Pandey. 65 If this is indeed the case, we expect equalization grants to affect provincial spending on such tax-base-enhancing services as education, transportation and communication to be negative.
We include various economic, demographic and political co-variates as control variables. The economic variables included in our regressions are per capita personal income as in Winer 66 and Gamkhar and Oates. 67 We also control for the unemployment rate and non-equalization grants.
The demographic makeup of a province can influence both the total amount and the type of public services to be provided. Aging and young populations in particular necessitate various social and health-care related spending by the government. To account for this, as in Dahlberg et al., 68 we include the shares of the population that are 65 years and above and below 20 years of age as control variables. We also include the share of the population comprised of new immigrants to the province as an additional co-variate. A government's spending decision and the composition of government spending can often be influenced by the political ideology of the governing party and presence of an election. 69 As discussed in Baker et al., 70 Kneebone and McKenzie, 71 and others, left-leaning governments generally have a tendency to be pro-spending. Thus, we further expand our set of control variables to capture this ideological effect on government spending. We include a dummy variable ("Left") that is equal to one if the premier of the province belongs to the Liberal party or the New Democratic Party (NDP). We also include an election dummy variable that is equal to one in the years in which there is an election.
As discussed previously, the allocation of equalization grants is based on a formula that compares the per capita fiscal capacity of the province and that of the standard provinces. While provinces with fiscal capacities below the standard fiscal capacity receive equalization grants, those provinces with fiscal capacities above the standard do not receive grants. Since the fiscal capacity of the province determines the revenue-generation capacity of the province, it can have a direct effect on government spending. This shows that the equalization grants are endogenous. A number of previous studies also argue that empirical analysis of the effects of grants on government spending should consider grants as endogenous. 72 Thus, the basic government expenditure specification of Equation (8) cannot be estimated consistently using ordinary least squares since our key variable of interest, equalization grants, is endogenous. Instead, as in previous similar studies, we rely on the Instrumental Variable (IV) estimation method for our empirical analysis. We discuss below the choice of instruments and our main identification strategy.
In order to analyze the effect of equalization grants on the level and composition of provincial spending, we focus on total equalization grants rather than equalization entitlements related to a particular revenue category as we did in the previous section. The total equalization grant to be provided for a province is determined by adding all the equalization-grant entitlements from the various revenue categories. Using Equation (2a) of the previous section, for all different tax revenue categories, the total per capita equalization-grant entitlement for a province is calculated using the following formula:
If the total entitlement for all revenue categories, as shown in Equation (9), is positive, then the province is categorized as a receiving province and receives per capita equalization grants G p . Thus, provinces with a below-average measure of fiscal capacity receive equalization grants to bring them up to the national average. However, if the difference from the formula in Equation (9) is negative, it means that the province has a fiscal capacity better than the national average and is not entitled to receive equalization payments.
Note that Equation (9) shows that there is a discontinuity in the equalization-grant allocation formula. As the equalization-grant formula shows a discontinuity in the relationship between grants and fiscal capacity, we rely on this discontinuity to identify the effects of equalization grants on government spending. also use the class-size allocation formula as an instrument for class size conditional on a smooth function of enrollment. Since the fiscal capacity of the province can have a direct effect on government spending, we need to control for this element of the equalization-grant formula. We use a smooth polynomial function of fiscal capacity. Our basic identifying assumption is that any other effect of the formula on government expenditure is controlled by the smooth function of fiscal capacity of the province.
Data
The dataset for our empirical analysis come from various sources. Annual provincial and local government expenditures, personal income, prices, population and the number of new immigrants come from Statistics Canada database (CANSIM). The data source for all other variables are as indicated before. Table 1a for other control variables b Fiscal capacity is measured by the tax yield of provinces as in the equalization-grant allocation formula used by the federal government. This is simply the sum of the various provincial tax bases evaluated at their respective national average tax rates. 74 The instrument is defined as: Formula = where the variables are as defined before.
75 J. D. Angrist and V. Lavy, "Using Maimonides' rule to estimates the effect of class size on scholastic achievement," We begin the discussion of our empirical results by presenting the first-stage results in Table 5 . Columns (1) to (4) show the regression results associated with various non-linear specifications of relative fiscal capacity. We can check the relevance of the excluded instrument, Formula, by looking at the t-value of the instrument. The results suggest that the instrument for equalization grant is positive and statistically significant in all cases. Various statistical tests also confirm the relevance of our excluded instrument. More specifically, our empirical model is not underidentified as the null hypothesis of under-identification is rejected at the five per cent significance level for all regressions. Furthermore, the Kleibergen-Paap F-statistics for weakinstruments bias indicates that the results are not affected by the presence of weak instruments. Thus, we conclude that our instrument for equalization grants is statistically valid. We now discuss the effects of equalization grants on total provincial expenditure and its various components. As discussed before, we focus on both total provincial expenditure and on the 12 provincial expenditure categories. We present these results in Table 6 below. As indicated, the dependent variables are total provincial expenditure and its various categories all In addition to the control variables, we include various non-linear specifications for fiscal capacity as indicated. We also report standard errors which are robust to heteroskedasticity. In column (1), we represent results obtained using the OLS estimation method. Note that each coefficient estimate in Table 5 is obtained from a separate regression with the various dependent variables as shown. The OLS results show that equalization grants have a statistically significant positive effect on total provincial government spending. The results indicate that a $1.00 increase in per capita equalization grants is associated with a $0.83 increase in per capita total provincial government spending. This result is broadly consistent with the findings of previous related studies.
The OLS results of column (1) also show that equalization grants have statistically significant positive effects on real per capita provincial spending on health-care services (Health), resource conservation and industrial assistance (Resource), environment, recreation and culture, and housing. The results also show that equalization grants have a statistically significant effect on government spending on protection of persons and property. However, we do not find a significant effect on the other expenditure categories. The insignificant effects of equalization grants on tax-base-enhancing expenditures, such as education and transport and communication, is not surprising and somewhat consistent with the predictions of theoretical studies such as Dahlby.
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So far, we have focused on OLS estimation results assuming that equalization grants are exogenous. However, as we have argued before, the OLS estimation results may be biased as the equalization grant is endogenous. Consequently, we present the IV estimation results in columns (2) through (5) of Table 6 . We use the equalization-grant formula as our main identification strategy after controlling for a non-linear function of relative fiscal capacity as indicated. The specifications of columns (2) to (5) are basically similar and they differ only in the non-linear functional form of fiscal capacity. Based on adjusted R-squared, the regressions with quartic specification for fiscal capacity show the best fit for the data. 78 So, we focus our discussion on results presented in column (3), which control for a quartic form of fiscal capacity.
Column (3) presents the IV estimation results that control for a quartic function of fiscal capacity. The results indicate that equalization grant has a positive and statistically significant effect on per capita provincial expenditure. The numerical magnitude of the result is lower than what we found under OLS, suggesting the potential bias of OLS results. The results suggest that a $1.00 increase in per capita equalization grants is associated with about a $0.64 increase in real per capita provincial expenditure. This also implicitly suggests that the remaining effect of the equalization grants is to help reduce the tax rates that otherwise would have been higher than in the presence of the equalization program. Thus, the results are consistent with the proposition that equalization grants have stimulative effects on provincial spending. As before, we report and focus our discussion on the coefficient estimates of the key variables of interest. The other variables are included in the estimation but not reported for the sake of brevity. In addition to the control variables, we include various non-linear specifications for fiscal capacity. 77 Dahlby, "The Incentive Effects." 78 The corresponding adjusted R-square statistics for each coefficient estimate are not reported for the sake of brevity.
Comparing results of columns (1) and (3), we see that the numerical magnitudes of the effects of equalization grants on the various components of provincial spending are slightly higher when we use the IV estimations. Empirical results reported in column (3) show that equalization grants have statistically significant positive effects on real per capita provincial spending on health-care services (Health), resource conservation and industrial assistance (Resource), environment, and housing. The results indicate that a $1.00 increase in per capita equalization grants is associated with a $0.21 increase in per capita provincial expenditure on health-care services, a $0.35 increase in per capita provincial expenditure on resource conservation and industrial assistance, a $0.05 increase in per capita spending on the environment, and a $0.058 increase in spending on housing.
The results also show that equalization grants have a weak negative effect on government spending on social services and protection of persons and property. These coefficients are significant only at the 10 per cent level. However, we do not find a significant effect of equalization grants on the other expenditure categories. The insignificant effects of equalization grants on tax-base-enhancing expenditures, such as education and transport and communication, is consistent with the predictions of theoretical studies such as Dahlby.
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CONCLUSIONS
The fiscal equalization program has long helped to underpin the Canadian federation. As the program was designed to address fiscal disparities among provinces, the grant allocation formula compensates recipient provinces when their per capita tax base is below the standard per capita tax base. Thus, the key elements of the equalization formula can be influenced by the fiscal decisions of the provincial government. This provides recipient governments the incentive to change their fiscal policies in order to raise their equalization entitlements. In this paper, we investigate how the Canadian equalization system influences the recipient provinces' fiscal policy incentives. We provide empirical evidence on the effects of equalization grants on tax policy and the level and composition of provincial expenditure using Canadian provincial data over the period 1981-2008. We first conduct an empirical investigation of the incentive effects of equalization grants on business and personal income taxes, which are arguably the two largest sources of provincial tax revenue in Canada. Our empirical results suggest that equalization grants provide provincial governments an incentive to raise their business and personal income tax rates. We also find that this incentive effect works through the equalization-base effect for business income tax. For personal income tax, on the other hand, the results indicate that equalization grants influence the tax policy incentives through both the equalization-base and -rate effects, although the latter seems to be driven by Quebec. The incentive effects of equalization grants clearly cause distortion in provincial tax policy, as the recipient governments underestimate the true deadweight cost associated with the higher tax rates. Indeed, the empirical results suggest that if equalization grants were substituted with block grants that are not related to taxing capacity, business and personal income tax rates would be lower in the grant-receiving provinces. 79 Dahlby, "The Incentive Effects." DISTRIBUTION Our publications are available online at www.policyschool.ca.
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